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ABSTRACT 


report  dssorlbes  the  methods  of  acquisition,  processing  and  analysis 
of  fluid  data  for  reliability  sessurament  on  three  classes  of  Air  Force 
Oround  Qeetronic  Bquipmants.  The  field  study  ***  designed  to  acquire 
auffioient  controlled  data  for  oewpariaea  with  tbeore  tied  reliability 
predictions  and  laboratory  toati  that  hove  been  concurrently  performed  on 
the  seme  equipment#.  The  equipments  observed  are  as  follows > 


Radar 

navigation 

Communication* 


(iii/nw-i, 

/  AH/jpx-ao;  <^A 
fAK/)iiC-27), 


A  sample  of  equipments  of  each  type  above  wae  selected  for  observation 
from  four  operational  squadrons  within  the  Central  Air  Defense  Force. 
The  program  at  each  site  consisted  of  the  following  elements,  described 
in  detail  in  the  report! 


V  1,  Indoctrination  of  Radar  and  Communications  Personnel, 

V  2f  Collection  of  general  information  about  the  site,  including 

equipment,  operation  and  maintenance  procedures, 

3,  Measurement  of  equipment  environment,' 

lt^  Establishment  of  controlled  data  collection. 

The  controlled  data  collection  phase  has  extended  over  a  period  of  abodt 
one  year. 


Data  processing,  statistical  and  engineering  analysis  techniques  are 
described.  To  illustrate  the  variety  at  information  available  and  the 
methods  of  access,  a  sample  machin?  r«n-off  tabulation  for  the  KPS-3  is 
presented.  This  report  describes  methods  empl oyedf ^result.?  on  all  equip¬ 
ments  and  cites  will  be  contained  in  the  forthcoming  Final  Engineering 
Report. 
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METHODS- OF  F1LU  DATA  ACQUISITION, 
HEDUCTIOS  AND  ANAUSIS  FOB  OKHJND 
T'.'CnONIC  EQUIPMENT  KEUABIUTX  HSA3UREKMT 


u  Mwactio* 

1.1  Pbppow  of  -  Tto  purpose  of  this  Interim  *ngia*«1ng 

Bepusri  is  w  SaSnSS  too  aotbodo  us*-*  to  eoquire,  ndm  and  analyse 
Jata  obtained  tx<m  ground  electronic  -lulpnent  located  at  four  Air  Fore* 
installation#  io  tea  Oentral  Air  Dofoaaa  Faro*  (CAD?),  Information  teem 
three  major  categories  of  ground  electronic  eqaipeant  vu  collected. 

Tho  three  epeotfic  equifwente  selected  for  tele  program  mtii 

a.  Radar  -  Ai/TPS-3 

b.  Navigational  Aid  -  AN/OPX-20 
o.  Communications  -  AN/W&-J7 

Failure  data  plue  anil— MU1 ,  maintenance  and  othar  «»»iis“si  In- 
foraetiss  U;  in,  culloooaa  ov«r  *  period  of  on*  year  sod  will  ba  need 
to  verity  theoretical  reliability-  predict icoa  oo  tho  above  equipment. 
Individual  predict  ions  on  aacfc  equipment  are  contained  in  opadal 
engineering  reports  here  raferaaoad.la  2,  3 

1.2  Overall  Program  feal  -  Before  deecrlblrg  the  field  data  collection 
phaao  in  detail  It  i/lli  be  sell  to  consider  the  principal  goal  of  th* 
aeaoureeiant  and  prediction  study.  It  nay  bo  eta  ted  \»  follcwoi 

*To  develop  and  validate  a  method  for  prediction  of  reliability 
of  ground  electronic  equipment  in  advance  of  produotlon." 

To  acccmpllah  this  abated  objactlve,  e  three  phase  program  hat  bean  in 
progreee)  (i)  Prediction  of  inherent  reliability,  (2)  Laboratory  t*«t 
to  verify  the  prediction,  (3)  Field  measurement  to  a  ub*  tan-late  the 
prediction  ead  laboratory  teste.  Due  to  the  great  variety  of  environ¬ 
mental  conditions,  naintenoneft  practices,  equipment  usage  and  history, 
etc.,  it  la  not  expected  that  field  measurement*  of  relitbillty  will  be 
muaar1.  t?ly  equal  to  prediction  or  laboratory  teat  results.  However, 
the  re.,  ttionehtp  or  correlation  between  these  phases  end  the  effects  of 
the  dominant  environmental  faetors  must  be  determined  If  the  naimum 
value  ie  to  te  gained  from  n  prediction. 


1 


1*3  CfoAectlve  of  the  Field  Bata  Collaotloa  Phaat  -  to  acquire  a  auf- 
'  ftci^^SZii'^Or  am  field  Oamation  to  aoabls  valid 

aomrisan  ftth  pWdlaUoB  vA  laboratory  toot  results  m  tho  ob>otiy» 
of  «m»  ft  old  data  Collection  pfaasa  deacrlbad  in  this  report,  flat*  on 
•qolfamt  pwtaMOMf  failures,  maintenance  practices.  train  lug  and 
aixperiaace  of  personnel,  environmental  factors,  and  othars  war*  aasantial 
requirements  of  tha  field  program.  The  organisation  and  lmplamimtaUcn 
of  tha  pragra*  are  dteeribad  is  tha  following  section*. 

2.  mmtmmrt  or  ths  rod  dam  ccllsciiom  mmm 

2.1  Selection  of  fqultaaeet  -  It  was  initially  intended  to  aalect  equip¬ 
ment  in  aacfTSf  *  wee  major  categories  tdiieh  represented  the  latest 
produced  items.  Downer,  it  use  found  that  ouch  equipment  use  not  in 
the  field  is  sufficient  quantities  to  provide  adequate  failure  data  and 
conveniently  located  to  make  it  economically  feasible.  The  AR/FPS-3, 
AK/GFA-20,  end  AN/t}RC-2?  appeared  to  bo  tha  most  logical  choice.  They 
are  used  extensively  in  the  field  as  a  system  and  have  been  in  operation 
for  a  sufficient  time  to  have  accumulated  quantities  of  data. 
advantage*  of  selecting  mature  as  opposed  to  newly  introduced  equipment 
are:  (l)  the  learning  curve,  that  has  a  pronounced  affect  on  reliability 
of  newly  introduced  equipments,  will  not  be  a  large  factor  for  the  mature 
equipments,  (2)  engineering  changes  and  retrofits  that  generally  plague 
data  collection  programs  on  new  equipments  will  not  he  a  major  factor  on 
mature  equipments. 

2.2  Bauiwsent  Locations  -  the  three  equipments  studied  are  used  by  Air¬ 
craft  dontrol  and'  Warning  (ACW)  Stations  operated  by  tha  Air  Force,  ' 
strategically  located  throughout  the  United  States  and  overseas.  Although 
it  is  generally  recognised  that  environmental  extremes  adversely  affect 
equipment  performance,  this  study  was  not  designed  to  determine  the  effects 
of  world-wide  environmental  conditions  on  reliability.  The  emphasis  w4a 
placed  on  obtaining  controlled,  tigh  qualify  data  from  a  more  limited 
source.  Four  Affin  uiUit,  within  t.w  Central  Air  Defense  Force  ( CADF )  were 
selected.  The  locations  represent  a  moderate  variation  in  climatic  con¬ 
ditions;  equipment  ueare  was  similar  at  each  site. 

2.3  Pl-wnlnjp  for  Data  Co.  lection  -  All  too  freauently  In  the  history  of 
data  «ia^ysTT’"tne~  complaint  in  raised  that  vital  information  is  niasing-. 

In  -**ar Ir  '■•cry  industrial  organization  there  are  files  of  data  which, 
will  never  be  analyzed  due  to  incomplete  infom.at.ion.  The  analyst  all 
too  often  is  called  4  after  the  data  h.aa  been  collected  and  requested 
to  com  up  with  elenr,  valid  and  undisputed  ennclurdons.  In  a  serious 
•attempt  to  avoid  thir  .if ter-thn-fict  riUiwm,  the  fiyln  data  collection 
v>h.->:tt  war-  careful  ly  Dinnctt  with  i-or,:it'>nb  \i  -w  tc*.:ard  th<  end  tvu'K-3 
of  (lit-  ■  I  Y'S;  -  , 


3.  KE1H0D  OF  DATA  ACQUISITION 

3.1  General  -  The  observed  reliability  of  m  elactronic  equipment  n 
service  on  is  affected  by  a  mater  of  footer..  Soaio  to  this  flgiil 
of  Mtrlt  la  the  Inherent  capability  of  the  deeifhi  however,  usage, 
maintenance,  and  other  environmental  factor*  *ay  baa*  a  narked  eft*t$>'!' 
on  Measured  reliability.  If  a  designed  experiment  U  to  yield  -xglitK, 
and  uaarul  results.  It  is  imperative  to  list  a-d  m*t8u*v»,  in  ao,fi£/i 
possible,  these  factors  believed  to  have  significant  influence  on  to., 
final  result.  A  useful  standard  has  boon  prepared  b*  tow  Electronic 
Imbiptriee  Aeeoeiatlee  for  reporting  reliability  seetuwantj.**  Sens 
of  the  factors  known  to  affect  observed  rel  lability  are  lletad  below: ; 

a.  General  climatic  and  equlpvsnt  environmental  eendltions 

b.  Definition  of  the  equipment  or  system 

c.  Criteria  of  adequate  performers* 

d.  Definition  of  failures 

a.  Ope rating  time  or  time  to  failure 
f.  Operating  or  usage  conditions 

M.  —  m  a.  4  —  *■  — 

y,  s  « was  ♦«  buumuue  |Mnu«avee 

h.  Sampling  or  estimating  techniques  (underlying  aanunptions) 

3.2  Field  Program  Bequirsponte  -  Field  data  acquisition  at.  each  ailfc 
was  performed  in  three  consecutive  phases  as  Hated  below: 

a.  Equipment  and  site  general  information 

b.  Short  term  measurement  of  equipment  environment 

c.  bong  range  controlled  data  collection 

3.2.1  Equipment  and  Site  General  Information  -  Appendix  l  of  this 
report  is  an  exhibit  of  the  "Equipment  and  Site  Infoi-rasi.it>*- 
nalre"  that  was  used  In  the  preliminary  phase  of  ths  data  •ollectv'JBT 
at  each  sits.  The  information  was  recorded  under  four  general  ca'ie- 
gories  briefly  described  below: 

a.  ACAW  Site  Questionnaire  -  including  inforraticn  on  r/rrairt,v- 
physical  surroundings,  equipment  locations,  type  of  traffi-i 
handled,  supply  set  up,  etc. 

b.  Equipment  Questionnaire  -  listing  major  operating  unit.:, 

equipnent  operation,  teat  equipment  used,  operating  c- 

tiona,  history,  modifications  performed,  and  past.  J allure- c.-.ts. 

c.  Maintenance  Proctdures  -  describing  method  of  repos  ting,  logs 
and  forms  uned,  dally,  weekly  and  monthly  checks  purlomud,  feuu 
other  items. 


-d,  Section  (Personnel)  Wuestionnaire  -  listing  number  of  persons, 

.  ‘military  and  civilian,  experience,  education,  length  ojf  service, 
.  jqgflfgfti  cf  equlpntfst,  tri^idaiJ^OQGretti  irteCiBlvod,  etc. 

One  of  the  most  important  areas  of  the  Equipment  and  Site  General 
Information  phase  van  the  logging  of  past  data  referred  to  in  item  (b) 
above.  At  least  one  year's  data  on  equipment  was  transcribed  from  ttoa 
various  sources  available.  Sources  of  Oats  were  as  follow#* 

-AH/jRC-gf  A M/FPS-3  and  AN/3FX-?0 


Equipment  Outage  Logs 
AfTO  Forms  U3,  A  and  ii3B 
Unsatisfactory  Report  i UP ) -  AFTO  29 
Failure  Report  Cards,  QD  787 


Radar  Daily  Log,  ADC  lltl 
Failure  Record-  Card,  ADC  155 
Work  to  Be  Done  Log,  ADC  198 
Failure  Report  Card,  DO  787 


These  forme  were  screened  ann  cross-checked  with  each  other  to  obtain  as 
accurate  and  quantitative  data  as  possible.  In  sane  instances,  informa¬ 
tion  recorded  <w  w>«  *fnc  — i  tt-id  on  u»  uum.  wucooion*  erasing 

during  the  processing  were  referred  tc  tne  maintenance  personnel  for 
clarificition.  In  general,  infonratiou  was  mors  complete  from  the  Rader 
Section,  sines  thuy  ere  required  to  complete  daily  logs. 


3.2.2  Short  Term  hoaeurement  of  figulcment  .tnvirunnent  -  The  two  meat 
important  enviromwot  factors  Wliered  to  influence  ground  equipment 
reliability  are  internal  ambient  tampers  tore  and  line  voltage  level  and 
variatl  n.  Accordingly,  continuous  Monitoring  of  the  so  values  v&» 
obtained  for  several  days  on  each  equipment.  Use  of  graph  recorders  made 
it  possible  to  esteblien  a  definite  time  relation  between  rqulpweri  tarn- 
pgratur*  cnanr»<  ,l*"  t...  »«*»•*... nr  OH  tino, 

ui  i.iw-  case  of  tf»  QfcC-27'. '  IhU  -wu  accevplishsS"*y  ^ 

paper  on  each  ntorder  (the  equip'-en*  temperature  recoraS*- /  rsed  »t  an 
equu.1  rate  of  speed.  Start  inr  tlma  and  dit*  of  each  mcasurcjicnt  tras  nct®d 
nn  th*  chart  faper  to  enable  correlation  to  he  made  between  each  type  of 
equipment.  Kach  recorder  was  *ori toned  throughout  the  <my  to  insure 
ore  pel  operation.  Mo  specific  period  of  time  was  allotted  for  the  re- 
co-ding  of  tie  various  pjranvter* ,  hmrovev,  forty  hours  of  recording,  proved 
to  be  adequab  to  provide  -efficient  infer  ration. 


7, 2.2.1  Temperature  Mr  »cr  -  :nt  -  Ourlnp  the  reliability  prediction 
imane  of  tiKe  prcxrsm, "intm"  ml  equipment  temperatures  wre  monitwed  at 
many  points  th.'ourhout  l.hu  scei  merit  durinp  typical  operatic  R  mod*i.. 

Koi  the  field  program  it  w*u  felt  thit  a  sinrle  •’leafn-ement  of  exhaust 
air  tempera t-ir’.'  weald  be  sit.'f ' ci-nt  satisfactory  correlation  with  \M 
;,r..d* -t1'' l  •  h oratory  t..>  *.  tei.-uienciits  .  Tim  ts>.;re- .* lure  lessuroment. 


was  mad*  by  placing  a  cooper  cons tan tan  thermocouple,  else  number  2h 
or  25*  in  the  exhaust  air  stream  of  the  transmitter  and  the  wire  con¬ 
nected  to  a  atrip  chart  recorder  to  register  continuous  temperature 
reading.  Thermal  measurements  on  the  FPS-3  and  GPX-20  presented  acne 
difficulties  since  some  of  the  equipment  was  located  on  a  tower  mounted 
rotating  antenna.  Recording  devices  protected  by  a  weather  cover  were 
mounted  on  the  rotating  section.  Checks  could  only  be  made  when  it  wee 
convenient  for  the  operating  and  maintenance  section  to  stop  the  rotating 
antumjg. 

3. 2. 2. 2  Line  Voita^a  Measurement  -  This  wan  ohtained  by  use  of  a  con¬ 
tinuous  f«e<r*etrip  chart  recorder  using  a  center  pen  end  two  edge  marking 
pens.  To  provide  the  proper  voltage  for  the  center  pen,  a  dropping 
resistor  and  a  rectifier  was  inserted  in  series  with  inatrur.cn u  AC  power 
source  to  allot;  for.  tl®  . jen’s  one  milUnnp  movement.  One  side  marking 
pen  was  used  to  record  power  ON  condition  and  the  other  carrier  ON  con¬ 
dition  for  the  OHC-27.  This  was  accomplished  by  connecting  each  to  the 
appropriate  relay  circuit  in  the  transmitter. 

3.2.3  Lorj;  Range  Controlled  Data  Collection  -  The  purpose  of  the  long 
range  progr  jr.  was  to  collect  dally  information  on  equipment  performance, 
failures.  Maintenance  action,  time,  temperat»re  and  weather  conditions 
and  any  other  information  that  night  affect  observed  reliability.  This 
program  gi"  carxied  on  by  the  Site  Kngin-er,  section  engineers  and 
military  Vice  personnel.  About  ten  months  of  continuous  reporting 

on  each  equipment  et  each  site  was  performed.  Specially  prepared  log 
sheets  were  prcVided  v.  insure  reporting  of  sufficient  detail  to  enable 
subsequent  onpinoerinr  evaluation  and  classification  of  observations. 
Typical  loros  used  are  contcinoo  in  Appendix  II  of  this  report.  There 
were  three  t;  oes  of  forms  to*  •: 

a.  baily  lop  -  to  recorr.  all  maintenance  acti-n,  failure.,  and 
their  description,  time  and  other  pcrti-wi.l  observations. 

b.  Meter  Checks  -  to  record  the  measured  val’id  of  tho  koy  equ.p- 
ment  operating  parameters  on  a  daily  oasis.  (Jxnce  th®  criteria 
of  adequate  -  c  i  fos  mani.*'  was  ba  mi  on  observea  measurements  of 

the  major  equi:>mont  ooeraticfc  characte-ir tics ,  these  mcusure.m'-.'h'-. 
u;.d  the  ["./''-•'nation  recorded  on  tins  oaiiy  hop  formed  the  basis 
for  failure  int^r^r'-tation  and  class!  Mention.  ) 


.  Relative  rlinid  i.t.y  an,!  .<»-r’vur'-  hilly  Lop 
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voltege  type  which  -.me  c9msr.ua  io  the  prt# my  power  tiar » farter 
*taxtg'pqjm  for  totem  qnoifte  function®.  T1m  mrQ  not  reqniiwd 

for  tht  fT9«-3  OS  J9KW0  sites  ttere  xe  a  built  in  faoowtu1  on  tile  lOOp 
MMwMaU. 

3.3  Satnt-ot.ib«  ftSaJSBBBI 

3.3.1  Planning  ate  Coordination  -  Prior  to  selection  of  tho  ACttf  sites 
to  be  vlsliea»aooWin$tti‘on  with  tho  Control  Atr  Oofonoa  Tore*  heed* 
quarter*  was  -aoooSMrjr.  T)»  status  of  all  oqulptebte  ate  tteir  availa¬ 
bility  far  a  tody  «u  determined.  Tho  progrma  «♦.  tech  olto  woo  titlvetod 
by  a  Held  engineering  toon  ooaslstlng  of  ono  nngirtnor  ate  coo  technician, 
«lto  had  hmi  previous  experience  end  knowlodge  of  too  equipments  unbar 

•  tudJT. 

3.3.2  Ortsatstlon  of  Site  Poraonaol  -  Tho  ko y  personnel  ot  each  site 
were  briefed  on  tho  program  procedure.  Thlo  Included  on  explanation  of 
tho  goals,  tho  procedures  noed.  ond  tho  naca«***y  r"ipport  required  fret 
wmi  main  tana:  tee  section  haaba  were  given  a  thorough  briefing  on  tho 
procedures  required  of  them  during  tho  non trolled  data  collection  phaaa. 
This  nos  camplotad  as  moon  mm  possible  on  arrival  at  the  alto  *0  that 
the  oontrollod  data  collection  phase  could  be  oupwrviste  during  the 

inf  emotional  and  pnw;  e«eni  phases.  Instruction  ahoota  explaining 
the  required  entries  and  proper  procedures  to  follow  wore  distributed  to 
both  sections.  The  dote  feedback  s/atew  io  shown  in  figure  1,  ’'Failure 
Data  Feedback".  In  accordance  with  tho  progrma,  Air  Perce  mei  ntenance 
peroonnol  completed  the  logs.  The  logs  were  than  collected  by  toe  KCA 
technical  repreoentetlves,  careened  and  submitted  to  the  site  enfimer. 
After  a  general  inspsetion  '"or  cnnpleteness,  thv.  lose  wprw  forwarded  to 
the  SC.S  Reliability  Research  P-ojscta  Office. 

j.3.3  Obtai.ilna  t.he  Data  -  in  general,  data  pertinent  to  the 
of  relAaJ.il  iiy  of  each  3quip*ei;t  was  ol  t3inad  in  th^oe  ways» 

a.  From  existing  Ic^s,  technical  order*,  and  other  forms  kept 
By  the  squadren, 

b.  From  ft  rmal  and  infon.il  cor.vnrnit;  on  with  pprsonnel  nespon- 
3  b la  for  operation  arvd  nnintenance  of  thr  s>juip»er.t, 

c.  Vom  iract  observation  of  rristv.:.,'  -tew:  tioot.. 

Thu  general  ir.fom--.tini>  and  ct.oi-t  trim  r«*ar.ur:«cnt  phases  described  in 
bretiorj  ).i’  above  i/n-e  r-eom pi-rboJ  sip.  •  I  Ctiul.v  .  Lhit  :■!-  “"t  l’i*">r 


portion  of  the  site  visit  the  long-range  data  collection  phase  (3,2.3) 
was  begun.  There  were  some  problems  regarding  the  long-range  data 
collection  phase  that  could  not  he  resolved  until  the  program  had  been 
in  operation  a  sufficient  time  to  revtal  questionable  areas.  Omissions 
in  the  log  tome,  for  example,  soon  appeared.  These  problem  areas  sere 
resolved  through  continued  correspondence  with  the  site  engineer. 

3.3.1  General  Aspects  of  Field  Oats  Collection  -  There  is  much  valuable 
information  a1^! able  in  the  field  which  normally  doea  not  reach  in¬ 
terested  agencies  through  tne  present  reporting  methods  (i.o.  UK's  and 
flD  787  Failure  deport  Cards).  Due  to  the  variety  and  quantity  of  paper 
work  required  from  maintenance  sections  at,  each  site,  only  the  minimw 
amount  Of  information  is  supplied.  This  often  results  in  incomplete 
failure  duacriptinn.  The  case  for  the  maintenance  men  is  justified  in 
many  respects  ainoe  his  primary  interest  is  to  accomplish  a  thorough 
and  rapid  repair  of  the  equipment  whenever  a  failure  occurs.  The  complete¬ 
ness  of  failure  fortas  is  of  little  significance  to  him,  since,  once  the 
data  leaves  the  site,  results  obtained  from  the  data  is  almost  never  mads 
known  to  those  origins  ting  the  information.  Field  personnel  h»  ia- 
rpirci  to  quality  or  equipment  failure  reports  by  including  them 

in  tbs  results  of  various  studies,  rscosBRendations,  etc.  resulting  from 
the,  aralysis  of  the  failure:  data.  Thi*  ear,  only  be  done  if  an  adequate 
feedback  system  is  established  between  the  field  and  various  agencies 
appraising  the  data  collected  from  such  a  program.  During  the  conduct 
of  the  program  described  here,  copies  of  all  monthly  letter  progress 
reports  and  Interim  Engineering  reports  have  basn  furnished  to  each  site 
to  help  instill  a  feeling  of  participation  and  interest  in  the  project. 

U.  METHODS  OF  DATA  SEDUCTION  AND  ANALYSIS 

lul  Clt  gsH'icafcl.on  of  Typf.c  of  Pets  -  The  information  collected  during 
the  thre.  -phase  program  deseribeS  in  sections  3,2  iB  of  two  broad  cate¬ 
gories:  (l)  information  about  i«e  site  and  equipment  onviroraaent,  rnaia- 
tananoe  policy  end  practice,  equlMm.it  history  and  usage,  psreonntl  data, 
etc.,  and  (2)  observations  of  equipment  performance,  failures  and  their 
dascript.ion  2nd  tho  ns tv'i^ou-noe  action  performed. 

ij.l.J  Ceneral  Sits  and  ■.'ap.pflient  Information  -  Tho  data  of  l».l  !,l) 
above  will  be  uwTto  caft-.ave 'measurements "Between  equipments  aivl  siths, 
to  cnrreln te  prediction  and  laboratory  rcr.nlts  with  field  cbr.orvot.lons 
and  to  determine  th  .  mnjo.  modi; ^.-ing  factors  between  inherent  equip- 
irf.nt  reliability  and  that  Jovul  actually  achieved  in  service  nsn.  In 
general,  this  information  is  not  suitable  f-r  automatic  proce a;  .  Ii. 
will  be  presented  in  the  final  report  of  this  r.tuiy  wbvr«  nil  jvjf:>  • 
b.illty  nredicttivi:  ,  t-cst  ro:-n Its,  and  field  ’■.•vv.'ij,  ■i.-.cni.';  .:<!}.  ua  ou." 
marirnd. 


It, l.?  Failure  Data  end  Maintenance  Action  -  The  specific  failure  data 
and  maintenance  action  of  lt.1  (2)  a bwm  has  been  collected  far  a  period 
of  tiearly  one  year  sinca  the  beginning  of  the  field  program.  Past 
data,  taken  front  site  logs  and  other  forma  described  in  section  3.2, 
covered  a  period  of  approximately  one  year  prior  to  start  of  the  special 
field  study,  fhia  data  will  be  used  to  refine  part  failure  rates 
which  are  basic  to  the  prediction  method.  It  will  also  be  used  to 
determine  logistic  support  requirements.  Since  all  factors  necessary 
to  a  reliability  estimate  were  not  known  during  the  period  represented 
by  the  past  data,  it  will  not  used  In  the  reliability  calculation. 

The  present  data,  collected  since  the  start  of  the  field  study,  therefore, 
will  form  the  basis  for  determination  of  equipment  reliability.  The 
past  and  present  data  includes  about  TOCO  replacements  ti'  >  cirrus 
automatic  machine  processing  for  maximum  access. 

u.2  Failure  Clgislfi cation  and  Interpretation 

ll.2.1  Classification  -  Every  effort  wee  made  to  select  only  those 
primaiy  failures  responsible  for  equipment  malfunction  in  the  calcula¬ 
tion  of  equipment  reliability.  These  are  the  so  called  "true  random 
failures".  In  complex  equipment  composed  of  many  clw.-as  and  subclasses 
of  parts  having  diverse  failure  rates  as  well  as  nixed  ages  of  service, 
it  can  be  expected  and.  In  fact,  has  been  demonstrated,  that  the  aggregate 
failure  rate  of  these  parts  will  tend  to  le  random  in  nature.  The  classi¬ 
fication  of  failures  is  further  described  below  under  nine  convenient 
types.  In  the  examination  of  pant  history  data  only  a  rough  interpreta¬ 
tion  of  the  nature  of  the  failures  was  possible.  By  careful  analysis  of 
the  daily  log  sheets  obtained  during  the  controlled  data  collection  phase 
of  the  program  (present  failure  data)  it  was  possible  to  determine  in 
moat  instance.!  which  replaced  parts  ware  true  random  failures.  This 
was  cccmplished  by  considering  the  type  of  maintenance  performed 
(scheduled  or  unscheduled),  the  nature  of  the  failure  (rapid  deteriora¬ 
tion  of  a  key  operation  characteristic,  etc.),  operating  time  of  the 
part  prior  to  replacement,  etc.  Soma  specific  equipment  guidelines 
used  in  the  interpretation  of  failure  data  are  given  in  subsequent 
paragraphs.  Failures  wore  grouped  in  accordance  with  the  following 
general  failure  classifications! 

Type  1  True  tiandom  Failures  -  Those  failuror,  primarily  responsible 
for  equipment  uioIfunctTon,  that  occur  within  the  operation  time  period 
after  el  im ination  of  design  defects  and  unsound  parts  and  before  the 
occurrence  of  known  w&trout  phenomena  =ne  classed  as  Type  1.  Arty 
failures  that  cm  Junta finhly  be  nrniivcd  to  one  of  the  other  eight 
categories  should  nr*,  he  con;:  1  dared  random  fallmrs.  An  example  of 
a  T yge  1  failure  is  the  random  ''open"  occurring  in  ;;  resistor  wire 
after  several  hjndrod  hours  operation- 
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,  .  'frpe  2  Pep*n4tpt  Fjiljsivs 

(*}  Secondary  Failures  -  When  parts  fail  ae  a  direct  result  of 
a  failure  occurring  in  soma  adjacent  part,  the  secondary 
/allures  are  classified  as  dependent.  It  is  common  practice 
to  search  for  sericaa  overstressing  of  associated  ptirts  when 
a  failure  occurs.  Sound  maintenance  practices  anticipate 
this  and  replace  parts  in  related  groups  where  necessary  to 
bring  the  equivalent  hack  to  its  initial  state  of  readiness. 

Only  the  primary  part  failure  can  ba  included  as  a  rajvicw 
independent  failure  in  accordance  with  the  exponential  failure 
nodal  used  for  reliability  naasurenent. 

(b)  Parallel  Fai lures  -  These  failures  are  not  secondary  failures 
sis  we  kave  defined  them  nor  are  they  true  random  failures. 

They  will  not  result  la  an  imediate  or  imminent  malfunction 
of  the  equipment.  Or™  w*a‘>  Unfiiw  ■  parallel  iaiiure  oy 

giving  examples  < 

1,  A  meter  failure  that  does  not  result  in  equipment 
malfunction. 

2.  A  portion  of  equipment  that  is  not  used  under  the 

•  present  operating  conditions  but  might  be  used  with 
other  pieces  of  equipment. 

Type  3  Waavout  Failuraa  -  Failures  which  can  be  avoided  by  preven¬ 
tive  Baintenanoe  in  accordance  with  a  prescribed  schedule.  Samples 
of  part  types  which  fall  into  this  category  during  the  useful  life  of 
the  equipment  are  vibrators,  rapid  action  relays,  blowers,  motors  and 
certain  general  and  special  purpose  tubes. 

Type  h  Initial  Defectives  -  Parts  which  are  not  representative  of 
the  normal  quality  ln“iTiat  they  contain  defects  or  abnormal  weaknesses 
which  result  in  their  early  failure.  These  parts  can  occasionally 
be  picked  up  during  inspection,  but  are  usually  detected  during  the 
early  home  of  equipment  operation,  commonly  referred  to  as  the  de¬ 
bugging  period.  &£  Sh#.  d^ft-ctivs  parte  are  replaced  by  normally  good 
ones  the  total  population  of  initial  defective*  decreases  exponentially. 

Typ«  t  Furformane#  Deterioration  -  The  drift  which  occurs  In  parts 
under  stress  can  cause  an  accumulation  of  tolerance*  to  the  point 
where  marginal  operation  is  observed.  Such  "surtlwcMons"  are  not 
equipment  outages  but  have  n  rsarious.^sa  directly  controlled  by  the 
ache  lute  of  ‘-■’justwants  provided  en  pn-t  of  the-  design  intent.  On 
this  bafls,  _  ps;  formanea  ieterlo.-aiion  will  constitute  a 


Typo  6  Aon  -Operational  Defects  -  These  include  parts  which  are  re¬ 
placed  because  of  defects  not  affecting  the  actual  operation  of  the 
system.  Examples  include  manual  controls  which  are  replaced  because 
they  are  difficult  to  operate  (a  stiff  potentiometer)  or  the  replace¬ 
ment  of  a  tube  with  a  cracked  ohenolic  base  while  the  tube  continued 
to  perform  satisfactorily. 

Type  7  Workmanship  Iteas  -  These  result  i.-cm  incorrect  factory  fab¬ 
rication,  assembly  or  processing  of  electronit.  parts,  subassemblies, 
virsa ,  mechanisms,  etc,  iovmd  factory  techniques  have  demonstrated 
the  ability  to  reduce  such  failures  to  a  very  low  reeidue,  through 
proper  testing  and  inspection.  Therefore,  they  are  omitted  from 
reliability  predict ions.  These  items  inelud..  chance  u am age  caused 
by  personnel  during  testing  and  trouble  shooting,  solder  r, pill-over, 
ituwimnuate  droccing  of  wires,  scratches  of  panels,  etc. 

Type  8  Design  Changes  -  These  are  replacements  of  types  of  parts 
or  significant  changes  in  the  design  introduced  to  achieve  a  higher 
performance  capability  or  reliability  level  but  not  directly  based 
upon  evidence  of  failure  occurrence. 

Type  9  Design  Error  Failures  -  When  equipment  cuslfunctlone  occur 
repeatedly  and  can 'he  traced  to  a  specific  faulty  design,  it  is  assumed 
that  corrective  action  will  be  forthcoming.  Such  failures  are  a 
natural  part  of  debugging  the  design,  just  as  initially  defective 
parts  are  debugged  in  the  manufacturing  process. 

Some  comments  on  the  above  classification  are  appropriate  here.  It  can 
be  anticipated  that  classification  of  failures  is  not  easily  accomplished. 
Some  knowledge  of  the  equipment,  its  operation  and  maintenance  its  essen¬ 
tial.  For  example,  the  equipments  .studied  have  been  operational  for  a, 
number  of  years.  Due  to  constant  replacements  the  ares  of  +ho  various 
parts  are  well  mixed.  Waarout  failures  and  performance  doted oration 
will  appear  more  or  lues  randomly.  Since  it  is  not  a  practice  of  CA1)F 
to  keep  a  record  of  the  a^ee  of  all  parts,  it  is  not  always  possible  to 
distinguish  between  performance  deterioration,  was  rout  and  true  random 
failures.  Generally,  when  parts  were  replaced  during  preventive  main¬ 
tenance  to  optimize  equipment  f’rfor.oanco  or  to  replace  i tests  suspected 
of  impending  failure,  theca  itrms  were  aralrned  a  Type  1  or  ?  classifi¬ 
cation.  tfowever,  primary  failures  that  were  not  anticipated  t-m’  resulted 
in  non-schedulod  maintenance  to  -on tore  oqui psaent  to  satisfactory  opera¬ 
tion,  core  pivon  tlm  Type,  i.  '-Ia3i>iri  cation.  Sow  wear  out  itemi;  are 
unavoidably  included. 

h  ?:?  g5  i  1  ;  r  ’■  '.r'.  —  ..-f  r.-.;c;  prior  t  uaintenutitiw  ./mi  Opera  cu  •;  - 

Knowledge  of  the  coculiar1  tiwif  of  muintonenba  prtctitoa  <".n<l  uqnip-mt 


operation  1*  essential  in  tho  classification  of  equipment  failures. 
Kxperience  in  the  field  by  the  engineer*  carrying  oat  the  field  relia¬ 
bility  study  on  equipment  included  in  the  program  made  it  possible  to 
develop  part  failure  interpretation  aids  for  each  equipment  type. 

Sped  fie  considerations  for  each  equipment  are  listed  in  the  following 
paragraphs : 

li.2.2.1  AN/FPS-3/HPS-7 

a.  It  ia  often  a  practice  to  perform  maintenance  on  Indicator 
OA-175  only  vrhen  a  major  equipment  failure  occur*.  At  thie 
tine  the  unit  le  replaced  with  a  spar*  unit  if  major  main¬ 
tenance  la  necessary. 

b.  Total  failures  fren  all  indicators  vere  considered  to  reach  a 
■ean  Ufa  since  the  number  of  indicators  varies  Iron  site  to 

c.  Tlia  failure  of  R— 371*0  and  R-37U1  associated  with  V-3705  and 
V-3706  in  AM-389  is  normally  caused  by  the  failure  of  V-3703 
or  V-3701*. 

d.  Any  items  listed  a a  being  burned  out  under  preventive  main¬ 
tenance,  should,  if  an  independent  failure,  be  classified  as 
the  true  random  type  and  as  having  occurred  during  a  non- 
acheduLed  maintenance  period. 

e.  Where  a  TH  tube  is  indicated  as  burned  out  and  it  replaced 
during  a  preventive  maintenance  period  along  with  a  receiver 
crystal,  ths  TO  tubs  should  be  considered  the  true  random  failure 
which  occurred  prior  tu  the  preventive  maintenance  period  and 
the  crystal  a  dependent  failure.  Receiver  crystal  failures  will 
only  be  considered  as  the  true  randan  type  if  the  failures  firs 
independent.  (Koto  -  The  repeated  reference  to  failures  occur¬ 
ring  during  a  scheduled  maintenance  period  has  bean  brought  about 
by  a  diversified  maintenance  schedule  followed  in  several  areas 
of  CADF,  This  method  allows  for  maintenance  scnedules  to  b« 
generated  from  rite  Isvol.  When  a  Tailors  is  gel  riant  a  main¬ 
tenance  period  is  gonerally  granted  arwr~cTai^Tfie(ras‘~~?’'  Vclmtfuled 
maintenance  period  rnttisy  than~  tkg  ri  gFtfijicYagjif  icatfbn  of  non- 
sclmduled  maintenance.  Thi:/' eysiem  applies  to  the  radar  equTp- 
mentTT 

Ik?. 2.?  AHMC-S? 


a.  Where  lop  untried  fail  to  indicate  whether  a  repair  was  aoeon- 
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plished  durinr  a  scheduled  or  non-schodnled  maintenance  period, 
it  will  be  assumed  that  the  failur-  oceurrro  during  a  non- 
scheduled  mai ntpnmce  period. 

b.  Tube  tynes  liXl?n  and  2C39,  replaced  during  a  scheduled  or  non- 
schedulcd  mni nt.p nnnce  period,  must  be  closely  screened  to  deter¬ 
mine  whether  the  failure  should  be  classified  as  a  true  failure 
or  a  wearout  failure.  The  length  of  time  that  elapsed  since  the 
previous  failure  was  considered  in  the  classification. 

14.2.2.3  AN/GPX-gO 

a.  The  system  include^  two  AN/UPX-6  TX-RX  units  and  one  KY-5)j  coder 
unit.  One  AN/IJHX-6  unit  is  used  as  a  spare  to  be  interchanged 
periodically  or  in  event  of  a  unit  failure. 

b.  A  close  check  must  be  made  to  determine  the  pioper  reason  for 
an  AN/lIPX-6  unit  replacement. 

c.  It  is  a  normal  practice  to  perform  maintenance  on  the  KY — 51i 
coder  only  when  a  failure  occurs. 

b.2 .2.li  All  Equipments  -  Where  tubes  are  replaced  during  a  scheduled 
maintenance  period  the  number  of  operating  hours  which  each  tube  had. 
accumulated  was  estimated  to  provide  information  on  wearout. 

L.3  Physical  Aspects  of  Data  Handling 

It* 3.1  General  -  The  quantity  of  failures  obtained  from  the  field  war¬ 
ranted  the  urn  of  machine  processing  to  reduce  and,  to  an  extent,  analyse 
the  data.  Figure  "Failure  Data  Reduction  and  Analysis  Process", 
illustrates  the  steps  necessary  to  acquire  usable  information  from  the 
raw  data. 

lu 3*2  Failure  Data  Accounting  and  Screening  -  Equipments  from  which 
failure  data  wan  obtained  were  assigned  a  r.jnerJ cal  identifier  code. 

Site  and  equipment  identifier  arc  shown  in  TaKle  1,  "Site  and  Equipment 
Cnding,  Field  Reliability  Study",  li.ob  equipment,  .failure  was  then 
processed  with  the  site  identifier  and  cnrjVsnent  identifier.  Failure 
data  was  taken  from  tho  logs,  which  bad  been  processed  as  shown  in 
Figure  1,  and  screened  for  completeness.  Where  thorc  wnre  omissions  on 
the  log  shouts,  tho  oit.o  engineer  originating  them  was  notified  of  the 
discrepancy  and  requested  to  supply  tho  missing  info, nation. 


V  4  " 

.fcr »..*  ster  \VA r. 


«i.  *  ,  "ft.  "  •• 

TABLE 


.  .  %  "v-t. .-A'V'-V'-'  "If: 
“  “ ,  -  1  '  * 

r  ;■  .  ft  M 


■  ts  ■••  .■•» 


SITE  AND  EQUIPMENT  CODING 
K®  n$U)  RELIABILITY  STUDY 


....  -4.  %  «.-*? 


Site  No., 

Set.No. 

Equipment 

Nomenclature 

*  1 

AIi/GnC-27 

I 

•v  2 

AN/ORC-27 

3 

AN/FPS-3 

a 

AN/GPX-20 

*  6 

AN/ORC-27 

7 

AN/ORC-27 

2 

8 

AN/MPS-7  1 

9 

AN/GPX-20 

« 

**  10 

AN/GRR-?  &  AN/GUT-3 

*  11 

AN/ORC-27 

12 

AN/ORC-27 

3 

"  13 

AH/ORR-7  &  AN/GRT-1 

ia 

AN/MPS-7  ■ 

h  . 15  . 

AN/CPX-20 

*  16 

AN/URC-27 

17 

AK/GRC-27 

li  ' 

**  18 

AN/C HR- 7  k  AN/GRT-3 

19 

AN/KPS-7 

20 

AK/GMC-20 

**  iCqiiirnod  with  chmcd  time  meter 

houio:>od  with  elnnnpri  time  met^r.  SJinrle  chinnol  UHK 
dat.i  collected  for  sw'rlpinrntnn’  infomntion. 
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lj»3.3  Failure  Classification  and  Tabulation 

b.3.3-1  Oerveral  -  rhe  failure  classification  and  tabulation  stage  of 
data  processing  was  one  of  the  most  important  steps  in  t.he  reduction 
and  analysis  of  field  data.  A  careful  engineering  analysis  was  made 
of  each  failure  and  these  failures  assigned  to  one  of  the  failure 
classifications  outlined  In  paragraph  i<.2«  The  daily  record  of  readings 
of  the  important  equipment  electrical  parameters  was  consulted,  where 
necessary,  to  properly  classify  the  observation. 

In3«3»2  Tabulation  Sheet  -  The  failure  information  was  coded  and 
transferred  to  a  tabulation  worksheet,  "OSAF  Ground  Electronic  Equip¬ 
ment  Failure  Report  Tabulation  Sheet”,  Figure  3.  The  tabulation  sheet 
Is  necessary  to  insure  that  the  raw  data  ia  reduced  to  a  form  suitable 
for  transfer  to  the  ISM  card.  It  is  comprised  of  80  columns  with  Zi 
groups  uithir.  t'nim  V.<'1  wins  g ur  jiuurmatlon  regarding  each  observation. 
The  worksheets  were  then  used  to  tT  .'refer  the  information  to  an  80 
column  electrical  accounting  machine  card  (shexi  in  Figure  U,  "Field 
Failure  Report  Card".)  Coding  is  used  on  these  worksheets  to  utilise 
all  the  information  perts' ling  to  each  observation.  A  description  of 
each  column  group  and  thr.  e  xllnr  used  followa  (refer  fcc  Figurs  3  for 
column  mssbers )  ’• 

Report  Humber  (l)  -  Each  failure  was  assigned  an  accounting  number 
for  identification  purposes.  Each  failure  for  a  particular  equip¬ 
ment  was  numbered  in  order  of  occur ranee.  Six  spaces  provided. 

bate  of  Failure  (?)  -  This  is  the  date  when  the  failure  occurred  or 
part  was  replace3  as  *  ndiented  on  tha  daily  log  sheets.  The  numeri¬ 
cal  equivalent  of  the  month  er.d  the  last  two  digits  of  the  year  arc 
used  following  the  month -day -year  sequence.  Five  spaces  provided. 

Circuit  Symbol  (3)  -  This  is  '.he  symbol  used  to  idantify  the  part 
in  the  equipment  Ci .e .  V-l<10?,  R-2118,  etc.)  Six  sprees  provided, 
two  spacas  for  letter  code  and  four  spaces  for  number  code. 

Site  Kurinar  (U)  -  This  ir.  the  site  designator  number  from  which  the 
equip*'!-!!*:  p-nrt  failure  orirlnitcd  (co<?  Tnhlo  3).  Two  nimces  ore  pro¬ 
vided.  r v :  b-  mr  -in  i-r.i.r.i  nrcco  lor  add  It  *<  nr. I  sices. 

Emilr-p-Mit.  fvpe  (ci)  -  T.hf:  r  qu' r  .  nt  t.-'pe.  r.  '  coded  .-.a  followo. 


I 

! 


-  •  ■*  w  Vi  .  e 

-  -r:  t  'i  y 

>  ft 

*'■*''  -—4.  “ 

’  V'  “* 

•  •’  $  N. 

•  vf»r .  .  >»•_ 

-  _  t  *. 

■  -  . 

.  •'  .•'«*** 

gee  * 

la- 

'  .  ~  * 

'2te 

J  •“**  *  '•^***^  •  •  '  e 

r  .  -  -9-  **■  - 

.... 

AR/PPS-3 

Ff'i 

■*  •  '-to/m-i 

X!'? 

AM/OR  -?? 

0i>7 

*N^3Pa:.20 

X? 

AKAmR-7,  CRT-3 

G73 

" 

Imlsstant  Set  Humber  (6)  -  Keck  etui  .jemnt  la  c 
Table  which  Is  associated  with  a  given  site. 

■-<  ca’ly  (sie 
>r  uel  *1 

am  be  translated  from  a 

master  equi pnert 

'St  Si. 

' .a.  5ng  of  i 

type 

Serial  No. 

Manuf  j  urer 

T-217A 

14. 

P*lco 

R-273 

2029 

Collins 

KD-1B9 

1026 

U>1  line 

Major  Unit  (7)  -  No  codlr®  la  required. 

Six  spaces  provided. 

AspwMy  or 

Subassembly  (8}  -  Mo  coding  required.  Six  -  cea  provided 

Blank  3pw«  -  This  space  la  used  to  Identify  types  ot  p^  ta.  See 
IppeivIlSlTl ,  "Breakdown  of  Part*  aa  *  Class  Into  Various  Subclasse*". 


Part  Nasg  or  Tube  Typn  (?)  *  Part  Mat,  such  as  relay;  ,  resistors, 
oapeeiiora  or~lhe  tuba'  dosipnstor  (i,e.  6AX5,  etc.)  in  entered. 

Part  Vendor  (19)  -  Tte  first  three  letters  of  part  r-  factnrer  are 
uae<f.  '"vAierr  the  name  of  the  manufacturer  consists  of  two  or  more  words, 
the  first  letter  of  eaoh  word  is  used.  Three  spaces  provided. 

P^rst  Indication  of  Tr<r.ih\e  ( 1 1 )  -  The  first  Indication  of  trouble  is 
JsscriWr  hv  one  oT~tK!TToTr^wTnf  codeai 

fijjH*  leiaorlptl  on 

1  inoperative 

y  Inte  i  r»l  t  tent 

l  T.i>w  I  erronuanco 

l(  Mnfiiy 

'•  HI  I  '  i*r(|iistic,y 

>•  Out  ul  Adjustment 

!  nvnrtirit.ini' 


\  .»*■ 
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Operational  Cgndltiong  (1?)  -  Cb>e  of  thn  following  codes  Indicates 
■  -«V*e  •SnCRwSr df ■  thr  •dulpwent  caused  by  the  failure: 

{1)  Cod*  1  -  Squipmant  operating  with  reduced  capabilities  due 
to  this  failure. 

(2)  Code  2  •  The  equipment  out  of  commission  due  to  this  failure. 

(3)  Code  3  *  The  equipment  operatic?  without  any  reduced  capa¬ 
bilities  dua  to  this  failure.  One  space  la  provldad. 

Pgaw  Time  (33)  -  The  recorded  duration  in  hours  and  tenths  that  the 
egnlr—ant  inoperative  during  an  operational  condition.  Three 
spaces  provided. 

Seyair  Tima  \il|)  -  This  is  in'-  actual  tuna  riquired  to  repair  a 
failure  in  bou za  and  tenths.  Three  spaces  prorldsd. 

Carrier  OE  or  '*'i  OH  Time  (IS)  -  This  is  the  cumulative  reading  in 
hours  of  the  period  during  whi'h  the  transmitter  is  radiating.  Five 
spaces  pnor*  <*i. 

Kguiraeent  t/j*  Tims  <16)  -  This  la  the  reading  In  hours  of  equipment 
arssTrsr  the  start" of  the  controlled  data  collection  phaoo  of  the 
program:.  rive  spaces  provided. 

Part  Titea  In  Service  (17)  -  This  1*  tha  tine,  to  the  nearest  hour, 
that  the  part  functioned  prior  to  removal  or  repair.  Flvn  spaces 
provided. 

da  a  Hoplayyosnt  Part  Available  (lft)  -  Tha  entry  hare  Is  y  (yes)  or 
a  fno)~  One  space  is  prorl<Jo3T 

Failure  Denorlptlon  {]?)  -  This  area  Is  broken  down  into  three  de¬ 
pendent  tool  1  oru  considered  necessary  to  fully  describe  failures.  The 
entire  success  of  the  field  program  is  dependent  on  a  complete  ovalu- 
ation  in  this  section.  The  sections  arc  broken  tiovn  for  both  past  and 
present  data.  The  ssct.onr  are  coded  msajrlca^Ly  in  the  following 
manner; 


A.  Typo  if  Keolacement,  -  One  :  pace  oroYtned. 


Past  Da 

1.  Non-'.rhcdulen  mpi  avsmonf. 
,  Proven-  '  vu  ma  tr.  to  nonce 
pc  r  I  id 


Preroni  Data 

1.  Non-schndnl nd  period 

2.  Ire- c.:<  i»-j  maintonant.*, 
por I od 
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9.  Category  -  Ono  space  provided. 
feet  Vut-3 

1.  Electric*},  electronic,  ), 

elect  re -mechanical  1,, 

2.  Mechanical  5* 

6.' 
?. 
•  3. 
9. 

C.  Description  -  One  apace  provided. 

foot  Data 


X.  »rue  ranaom  rallhrs  it 

2.  Performance  deterioration  ? 

(rapid)  ^ 

3.  Equipment  malfunction  cor-  l». 

,  reeled  by  unit  replacement  5, 

u.  Kqulj**»nt  malfunction  cor-  6. 

rected  by  adjustment 

5.  Weerout  failure 

6.  Nan-operational  failure 

7.  Dependent  failure 


3.  Other  -  describe  in  detail 


Present  Data 

Electrical  replacement 
Electrical  adjustment 
Elea  trice!  repair 
Mechanical  replacement 
Mechanical  adjustment 
Mechanical  reretr 
Unit  replacwatat 


Prevent  Data 

7r'i*  rc'.dtsa  failure 
Depandvht  failure 
Wenrcut  failure 
Terfomauce  deterioration 
Non-operaMomal  failure 
Others  -  describe  in  detail 
(damage,  overhaul  team, 
modification,  »fc«,) 


S7^twrr  a!*1  T.  r,',Uced  thf4t  »»  'ailor*  description  hero,  does  not 
1  t*™*'  classification  given  in  section  L.2.  Th. 
‘v  ,  **  rertsin  types  cash  as  dorK^vmship  iteme,  design  errors 

fnd  inUUl  '•Actives  do  not  frequently  apply  to  mature.  * 
debugged  equipment  in  the  field.  Xn  place  of  these  infrequent  items" 

*  COOLn'J‘'1r!;r  6  °n  thS  present  data  and  3  on  the  past  data.  "Othere"* 

this  orfn^  r<"r  k  UlU9r  t#rd  40  f,jlly  «PUln  th#  »ntO '}  ' 

2}?UJ?  0  printed  on  the  run-off  sheets.  Th,  description  of 

failuro  tyres  orc-chted  In  section  L.2  is  intended  as  a  funeral  ruioe 
prcduction-n=er?cle^  9qUipmet,t  at  "V  *'•  H  ’  design  - 


TypdO  of  Ee.tlurcn  (20) 
etandsn*  Air  force  code 
u nos  with  the  hi)  7 ny  r. 


•  allure  types  ..re  those  described  by  the 
list  describing  varitnia  types  of  faliuren  and 
r?ss.  Three  provided. 


f  iat,  or  Frtif.tjnt,  lh ti 
CndTo  \to  thay  havol- 

La  ^Oil  Mto  nvnsne* 


SJUJ.  -  WJservitif.na  <vr*  cc^ed  witn  a  on«j  (l)  to 
taV.on  fron^pa^t  history  lop  «h«*fcn  and  two  (?) 
c.ru.? ! .  - ,  •  f  :co  p.-ovtncri. 


f'n  rr^  v  J?? )  -  On«»  r  1  r»c  t  r  i  ml 

•>ui  1  UMOnti  to  n  j’-M  ,»-vs 


ncr n»nt.irn>  tunr'-aiM.  aw.»»4  i*  •.„*  _ _ _ 

*n  -  h  c-f  *•:.  w  ‘'i.^ellnr  \  4 


—  —  ">5r-w& 


11  '■!)  ,a  u  *»* 

%  ,  *  i-  ..  - 

.  ■  ’ifer: 

ared.  FtLin/a  information  placed  on  them  cards  i®  not  coded. 

.»>  &!te&D*X  tMUrt.  end  any  "trailer  cards"  ar*  ooded  ramsmrioally  in 
^aofNCMt*  ICdttf*  Kweber,  column  1,  shieh  appear*  «n  tb»  original 
tgird  6s  «ot|r<|£.  on-  P*oh  '"trailer  curd"  for  ldeneifioatta»i--puTpueet . 

*  ,  T  : 

k»J*4  jy9il|3«iBpU£9^&  *  All  of  the  information  presented  on  tbe 
tabulattm  Wi  lOdisl  jar  tryafarreo  to  the  flO-column  electrical  aooount- 
lag  m*ak$M  oard  {Figaro  it)  by  use  of  a  s«y  pun  ah  machine.  The  lnfor- 
•itia  la  in  tha  f«a  of  holes,  which  psmit  the  card  to  b«  aenaed  by 
eleetfteal  circuits  of  the  netting  and  tabulation  equipment.  The  cnrAt, 
"*h*n  punched,  «m  m  rifled,  sorted  arm  tabulated  by  additional  machine 
processing. 

U.1.5  Teehnloal  -  Tc  insure  tea  icr.ur«<>-  „r't  consist! srrey  cf 

all  data  papa  lag  through  <jtM  statistical  system,  technical  editing  la 
acoaaplifthad  ty  sseane  of  a  test  tabulation.  The  tost  tabulation  ram  ala 
tnqsiMistVtaclee  in  sequence  or  logic  or  onlaaiona  nr  data. 

U.h  Statistical  Analysis  '» 

b.b.l  Sorting  -  Prior  to  machine  tabulation  or  rwn-eff ,  the  cards  uniat 
be  sorted  i nio  sons  convenient  and  logical  sequence.  Sorting,  s  machine 
process,  ««y  b©  made  by  equijsw^ut  type,  by  location,  by  part  replaced, 
by  failure  cause,  or  arts'  of  alert*  nudoer  of  •  jysj  the  sort  may  include 
principal  and  niuor  s  nga.  For  this  atudy  a  total  of  sight  separate 
aorta  vs  re  made  to  naxln*n  a  rail  ability  of  data,  the  aorta  are 

auras  rived  below: 


Past  and  Present  Data  in  S<*quenoe 

1.  By  chronological  date  of  failure 

*?•  f’-f  uircoit  byifroX  and  date  of  fallara 

1.  By  part  description  within  major  part  catepcrlos 

Praeent  Data  in  Sequence 


lj.  %  time  Interval  Tor  true  randon  failures 

5-  B*  ♦'*\iure  deacrlptxon  (vearont,  dependent,  true  random,  etc.) 
6  By  down  time  for  each  assembly  and/or  major  unit 
7.  %■  repair  live  for  each  vuw’>ly  and  mijsr  unit 

o.  Hy  ' '.  vi«i  ttor-on'*  t >  z. 


!i.?  StnU-,tncai  Miwiry 
T Dfl  Hun-bf  il  ^hpoT^  i «  ^ 
run-off  that  vir  m.ido 


o'*  Ihm-Qff 
t  * 1  *  - 


tl  *: 


.  *•  .  • 
...  -•  •  •>»  •  «  «  t 

■•min.  Th<» 


-  <■  '.  pui  a  p, 

. r  a  r.yf'-.cn.:  mciann 

r  > m  i-  ahowp  here  i.s 


Period  of  Test  28  March  1?$7  thrv  31  bomber  1957*  Time  Meter  Reading  Start  of  Teat  ld70  fours  r  Corjpletion  9270  Hour 5 
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FIGURE  {,  SAMPLE  I  DM  SUM -OFF  SHEET 


a  portion  of  aortic,  described  In  the  preceding  paragraph.  The  data  . 
presented  Is  from  the  AN/FTS-3  at  Site  1.  the  data  is  totaled  by  equip¬ 
ment  groups  and  oubtotalod  by  ausemblias  and  circuit  symbols.  True 
random  failures  are  Indicated  by  a  #  sign,  and  totaled  seconding  to 
circuit  symbol,  for  example,  there  were  three  true  random  failures  out 
of  a  total  of  five  replacements  of  p«urt  V-U$22  located  in  assembly  PP-5S? 
of  Group  QA-175  of  the  AN/FPS-3.  The  principal  results  of  the  field 
observation  program  are  derived  from  these  run-off  sheets. 

ii.lt. 3  Sample  Presentation  of  Data  -  Statistical  svwmaries  of  the  essen¬ 
tial  failure,  replacement,  and  maintenance  data  are  presented  In  the 
foil oeing  tables  (ref.  figure  $)> 

Table  2  -  "Replacements  and  True  Random  Failures  by  Major  Part 
Categories  for  AH/FP3-3,  Site  1".  The  total  number  of  true  random 
failures  by  part  category  ie  obtained  in  this  type  c?  rur.-ncr  by 
•ridiftg  up  .11  tim  subvoteis  or  true  rand ca  failures  appearing  under 
eolren  groep  3,  “CRT  SSM".  The  total  number  of  replacements  by  part 
category  is  obtained  by  adding  tha  subtotal  figure  which  appears 
under  column  20,  "TYPE  KAIL". 

Table  3  -  "Total  Replacements,  True  Random  Failures  and  Maintenance 
Time  by  Groups  for  AM/PFS-3,  Site  I".  The  data  extracted  by  major 
equipment  groups  is  presented  here.  It  ie  obtained  from  coluan 
group  7,  "HAJ  UNIT".  Down  time  and  repair  time  coma  from  eolwui 
groups  13  and  lb. 

Table  L  -  "Failure  Description  by  Major  Part  Categories  for  AM/FPS-3, 
3ite  1".  A  summary  of  replacements  by  failure  deecription  ic  obtained 
from  column  group  19,  "FAIL  PCD".  The  numbers  i-6  .virer  to  the  failure 
description. 

U. li.lt  Ketlaate  of  Equipment  Reliability  -  From  the  data  presented  above, 
the  reliability  of  Ab/PrS-3  at  Site  l'may  be  estimated* 

Total  Operating  Tire#  (?)  »  639?  hours 
Total  True  Random  Failures  (F)  *  115 

Estimate  of  Equipment  Mean  Life  (M)  •  T  •  6^59  *  56  hour* 

Figures  6,  'Probability  Limits  for  the  Roiseon  Distribution",  shows  that 
tho  estimated  mean  life  ia  between  6399  and  5399  or  W  to  65  hours, 

W  13-’ 
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RKPLAC0iENTS  AW)  TRUE  RANDOM  FAILURES  JJY 
MAJOR  PART  CATEGORIES  FOR  A N/FPS-3,  SITE  1* 


Part  Category 

Circuit 

Symbol 

Total 

Replacements 

Total  Time 
Readcm  Failores 

• 

"iitwRj,  .''p-cial 

V 

a, 

US 

Tube fl ,  Receiving 

V 

151 

36 

Reaintors 

R 

15 

7 

Capacitors 

C 

2 

2 

N-type  Crystals 

CR 

S3 

9 

Coils 

L 

2 

1 

Connectors 

J 

5 

1 

Cables 

W 

9 

? 

Switches 

s 

1 

1 

Relays 

K 

1 

1 

Transformer* 

T 

2 

1 

Cavities 

Z 

3 

1 

Filters 

z 

2 

Ooaru 

'1 

1 

OT  — M.  » 

•'4.VW94  o*r*v  IK/13 

i 

Terminals 

t 

- . .  - 

2 

1 

Total 

398 

U5 

*  Par  reporting  period  28  March  through  31  December  195? 
Total  operating  time  6399  houra 
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taw*  j. 

TOTAL  RRI’LACW'KYTS,  TRUE  RANDOM  FAILURES,  AND 
KAlNTKNAA'Ci,Tfl^  itORa^lW-AM/Ii,I,S->«  -/HflU  l«  - 


Oroupe 

Total 

teplaewaanta 

Total  True 
PtBdoss  Failure* 

- : 

Oram  -  Tiaa 

Repair  Tina 

Generator  OA-17L 

5 

) 

KSB 

mm 

Indicator  OA-175 

_13i» 

.  ...  hi 

27.5-  ‘ 

Control  0A-l-»9 

6 

1 

1.3 

1.2 

Receiver  OA-318 

5o 

19 

20.0 

16.0 

Blanker  Indicator  OA-31? 

l 

1 

2.0 

.5 

Tr  ..nsmittor  OA-398 

193 

h7 

180.7 

WESM 

|  An tend*  AB-ldO 

2 

1 

1.5 

.9 

J  Miscellaneous 

1 

0 

.U 

.h 

f 

1  Totals 

392 

115 

258.0 

l5l»50 

*  Por  reporting  p«ri6d  28  March  through  31  Cocamb^r  1957 
Total  <^>eratln£  tlrae  6399  hours 
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FAILURE  LESCRTVTIOH  KMWJOR  PART 
CATEDORIES  TOR  AN/FPS-3,  SITS  1* 


Part# 


Tubu 
Resistors 
Capacitors 
N-type  Crystals 
Colls 

Conns  c  tore 
Cablse 

Sv/l  tone  '  \ 

Relays 

Transformer*' 

Carities 

Filters 

Ooars 

Blower-Motors 

Terminal 


Failure  Description  -  Ooltsan  75 


Part 

Symbol 


V 

R 

C 

CR 

L 

J 

W 

3 

K 

T 

fj 

it 

ME 

B 

E 


82 

7 

2 

9 

1 

1 

7 

1 

1 

1 

1 

0 

1 


13 

6 

25 


i*8 


11*5 


13 

1 

2 


11 

2 


1 

2 


1 

2 

2 


Total 


299 

15 

2 

53 

2 

5 

9 

1 

1 

2 
\ 
2 
1 
1 
2 


*'ot«ls 


115 


1*3 


51* 


16} 


27 


398 


0  For  reportint’  period  28  March  through  31  December  1957 
Total  operating  tine  6399  hours 


swnni'j  JO 
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i*.5  Engineering  Analysis  -  There  are  a  number  of  profitable  ways  by 
which  thu  data  e*n  be  further  analysed  from  the  complete  and  detailed 
•inuriai  provided  by  the  run-off  tabulations.  For  example: 

(1)  Which  classes  or  subclasses  cf  parts  represent  the  highest 
failure  contribution  on  eech  equipment? 

(2)  Which  individual  circuit  elements  within  classes  have  the 
highest  failure  rates? 

(3)  Where  are  the  most  significant  part  misapplications? 

(It)  What  items  or  areas  account  for  the  largest  amount  of  main- 
wroanen  time  7 

(5)  What  items  account  for  the  largest  portions  cf  *<ipport  sect? 

The**  ;rr  ~±ti V-sily  iw.pv.Umi-.  nowtjvmr,  the  main  purpose  of  the 

entlru  prediction  study  la  to  perfect-  a  prediction  technique  which  will 
Correlate  reasonably  well  with  j  i«ld  observation.  The  emphasis  is, 
therefore,  not  on  how  existing  equipment  caj.  be  improved*  important  as 
thiB  <?.sy  bo,  but  rather  hoi*'  car.  nav  equipments  be  designed  and  produced 
with  a  h.'.gfi  operational  reliabiJ.t.,  and  with  a  minimum  of  the  ills  that 
plague  our  preeeut  day  operational  squipuonta. 

b.S.l  The  Reliability  function  -  Basic  W  the  measurement  and  correla¬ 
tion  of  field  re! lability  with  predicticn  or  tost  result  are  the  assump¬ 
tions  made  In  the  field  measurement.  One  of  the  principal  ass-  options 
made  in  presenting  the  reliability  estimate  of  paragraph  I4.L.L  ubeve  it 
that  the  equipment  failure  rate  is  constant  -  the  occurrence  of  failures 
is  distributed  as  a  Poisson.  If  the  failure  rate  increases  or  decrease 
vlth  time,  cr  if  failures  ?.rc  unnaturally  vlu«v*red,  the  above  estimate 
is  probably  not  the  best  measure  of  equipment  reliability.  It  is, 
therefore,,  necessary  to  test  the  artuwptiun  of  conetnnt  failure  occur¬ 
rence.  The  following  test  is  an  example  cf  the  engineering  analysis 
that  will  be  performed  on  each  equipment  at,  etch  aiLe  to  determioa  the 
validity  of  the  reliability  neasurement. 

I4.5.2  The  Kolmogorc-v-f-mirnoy  Test  -  Table  5,  "Observed  and  Thwore ileal 
Reliability  Tunctiont  for  XR/ffci-'l,  Site  1"-  piesents  the  data  of  Table  2 
in  a  •iiftoren'v  form.  A  run-off  tab'll  .tion  slmil-'ir  to  that  shown  in 
Figure  ?,  but  an aoged  by  date  of  failure  vas  jepnr-d.  From  this  tab, 
the  intcrv.1'3  between  true  rand'**  failures  writ-  obtained.  Ti-es*;  inter¬ 
vals  arc  &<:eiv,i'),ite<J  in  the  first  two  columns  of  T v.le  b.  The  "ert 
■  thuw:  cu-.’tl  vivo  ,.r  .-babi  lity.  .'he  fourth  column  presents  the 
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TA8I£  5 

OBSERVE)  AND  THEORETICAL  RSUABILITT 
FUNCTIONS  FOR  AN/FPS-3,  SITE  1* 


Absolute 

Difference 

Interval  Between 

Between  Failures  Probability  Expected  Obafc.-ui  *iy! 

Failures  (Hra )  (Cnaulativs)  ( Ctanulat* te )  Probability  (e  &$)  Expected  Prob. 


0  or  more 

115 

1.00 

1.000 

.000 

20  or  more 

80 

•« 

.6/7 

.003 

DO  or  sore 

55 

LO 

lie 

.686 

.006 

60  or  more 

.35 

.3L0 

.010 

80  oi  more 

yo 

.26 

.237 

.023 

100  or  more 

21* 

.21 

.165 

.015 

120  or  more 

23 

.20 

.116 

.081, 

11*0  or  more 

20 

.17 

.080 

.090 

160  or  more 

16 

•  11. 

.059 

.001 

180  or  acre 

13 

.11 

01* 

.070 

200  of  more 

9 

.06 

.027 

.067 

220  or  more 

7 

.06 

.019 

.oia 

2L0  or  more 

7 

.06 

.013 

.01*7 

260  or  more 

7 

.06 

.010 

.050 

*  Observed  'ti lures  for  reporting  period  <8  March  through  31  December  1957. 


theoretical  probabilities  of  /allure  occurrence  within  tl  j  intervals 
lleted,  -assuming  a  mean  time  to  failure  of  55.5  hour*.  The  last  column 
shown  differences  t-etwaon  theoretical  and  observed  values*  This  infor¬ 
ms  t ion  is  shown  graphically  in  h-l^ure  7,  "Obsei-ved  and  Theoretical 
Reliability  Function  for  AN/ FPS-3,  Site  1". 

The  Kolmogorov-Smimov,  or  D  Test  as  it  Is  sometimes  called.  Is  performed 
sa  follows: 

(1)  Refer  to  Tabic  •?  and  select  the  largest  absolute  difference 
between  the  observed  and  expected  probability.  From  the  table, 
the  largest  value  is  .09.  v 

(2)  Refer  to  Table  6,  "Critical  Values  of  D  in  the  Kolmogorov- 
Smirr.ov  One-Sample  Test",  and  determine  level  of  significance. 

for  a  3 qjTip  1  C  of  115  OboOrTatlOTtSf  0  at  who  5®  IcVol  lo 

1 . 36/ |/T!5  -  .127.  Sven  at  tha  2d  level  D  -  .10, 

(3)  From  this  test,  by  comparing  those  values  with  the  .09  value 
in  (1)  above,  it  is  concluded  that  the  observed  data  fits  the 
exponential  curve  reasonably  well.  The  mean  life  satlmate 

of  $6  hours  is,  therefore,  a  valid  estimate  of  FPS-3  rail  a-  ‘ 
bility  at  Site  1  over  the  period  and  under  the  conditions  of 
observation. 

5.  CONCLUSIONS  AND  RSCCMKKN DATIONS 

Tha  comparisons  and  correlations  of  prediction  and  laboratory  test 
results  with  field  observations  is  beyond  the  scope  of  this  report 
These  findings  will  be  contained  ir.  tho  forthcoming  final  report.  The 
techniques  of  field  data  collection,  reductich  and  analysis  have  been 
described  and  demonetratad  l*ure  in  eo.it  da  tall.  From  this  progren,  the 
following  conclusions  are  derived: 

(1)  Much  valuable  information  associated  with  equipment  design, 
operation,  maintenance  and  reliability  can  be  obtained  from 
Air  Force  operational  squadrons  that  is  not  normally  reported 
in  a  manner  to  permit  ready  access  or  valid  interpretation. 

(2)  The  methods  described  in  this  report  constitute  a  practical 
procedure  v*  spotlight  and  foci*  clearly  on  the  reliability 
of  ground  electronic  com pir.cn t  in  tha  natural  environment  and 
under  the  conditions  of  .ervien  use. 

(3)  Field  personnel  are  anxious  to  cooperate  in  the  collection 
and  freobncV  of  vital  equipment  operation  and  failure  data. 


Probability  of  Sytrnvtl 


1? 


“ 7  3BS J5 


TABLE  6 


CRITICAL  VALUES  0?  D  IN  THE 
KOUiOOOKOV-SMIiiNC  7  ONE -CAMPLE  TEST* 


* - 

3®nple 

Sis* 

W 

Level  of  Significance  for  D  *  Maximum  Jf0  (1)  - 

Sn  tt)| 

.20 

.15 

.10 

.05 

.01 

$ 

.146 

.1*71* 

.510 

-565 

.669 

10 

.322 

.31i? 

.368 

.1*10 

.2*90 

15 

.  =766 

.283 

.301* 

.338 

.1*01* 

20 

.231 

.ZU6 

■'  .261. 

.252* 

•  356 

35 

.18 

.19 

.21 

.23 

»27 

Over  35 

1.07 

l.ll* 

1.32 

1.36 

1.63 

JV  - 

JT 

J7 

■a 

*  Extracted  from  Massey,  F.  J.,  Jr.,  1951.  The  Kolmor.orov-Snlrnov  Test 
for  Goodness  of  Fit.  "Journal  of  American  Statistical  Association", 
Vol.  1 16,  p.  ?0,  with  p'-n.iisslon  of  the  author  and  publisher. 


This  Inf conation  J.a  extremely  valuable  and  can  provide,  the 
missing  link  bother  design  concepts  and  mature,  reliable 
•quipnent  in  the  custody  end  environment  of  the  user.  Feed¬ 
back  is  a  two-way  struetj  the  value  and  quality  of  information 
that  comes  from  the  field  depends  to  a  lores  extent  on  the 
degree  to  which  ileld  personnel  are  Included  on  the  team  and 
oan  see  concrete  results  free  their  efforts. 

The  data  collection  in  this  field  survey  is  an  exceedingly 
small  sample,  confined  to  operating  squadron*  within  the 
Central  Air  Defense  Force  command.  Hare  complete  knowledge 
of  the  effects  of  environment,  usage,  maintenance  and  logistic 
support  on  equipment  reliability  requires  a  representative 
study  of  equipments  lb  other1  Air  Force  commando  throughout 
the  world. 

Although  the  program  described  here  has  provided  invaluable 
information  toward  the  development  and  refinement  of  a  relia¬ 
bility  prediction  method,  it  is  admittedly  too  expansive  to 
apply  routinely  to  all  equl patents  in  the  field.  However,  it 
is  evident  that  some  practical  means  must  be  found  for  routine, 
valid  measurement  of  reliability  on  all  types  of  equipment  in 
the  field.  This  knowledge  would  provide  a  gauge  or  measure  of 
the  reliability  status  on  vhioh  inteilicent  action  of  the  maker 
and  user  could  be  based. 

The  techniques  of  equipment  observation,  data  collection, 
processing,  and  analysis  for  reliability  measurement  described 
hero  can  be  applied  to  t-ho  study  of  other  areas  by  similarly 
focusing  attenMon  on  the  esrential  underlying  variables.  For 
example,  a  stuoy  of  maintainability  and  its  effect  on  equipment 
total  cost  and  value  to  the  utor  in  an  area  that  urgently  re¬ 
quires  increased  attention  by  Industry  and  tho  Military  today. 
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1.'  AC&W  SITS  QUESTIONNAIRE 


1.1  Oanoral  conditions  surra unaing  site  (•■  to  population  and  terrain) 


1.2  Ur.usual  enviroreasntal  conditions  surrounding  site  (Elec,  distur¬ 
bances.  ■  atura  or  otherwise ) 


1.3  General  location  of  eouirawnt  within  t.h«  «<♦.«  (A1 •n  in  rer'rrdr  to 
other  electronic  equipment) 


1.1*  Type  of  traffic  handled  (light,  medium,  heavy)  Explain 


1.5  Supply  Adaquacy:  a.  Unit _ b.  Tech  c.  Depot 

Explain _ _ _ 


1.6  Reels rks 


2.5  IfquA pmeni  Operation 

a.  Technical  Bequlreroent* 


b.  Tactical  Use 


2.6  Kquipaant  Instructions 

a.  Tech.  Orders  (Are  they, kept  up  to  date?) 

i>.  Maintenance  end  Operational  Handbooks  (Ar?  they  adequate?). 

c.  O.J.T.  Prograe  (Is  it  aatisi'actory? ) 


d.  Formal  Training  (nil.  Schools) 


e.  S.t.F.  ls  (Squadron  Ope, 'rating  Policies), 


2.?  Remarks 
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Armed  Services  Technical  Information  Agency 


ARLINGTON  HALL  STATION 
ARLINGTON  12  VIRGINIA 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFY  ATKlfS  OR  OTHER  DATA 
BOnjSC©  FOR  ANY  PURPOSE  OTSBR  TFAN  IN  CONNECTION  MOTH  A  DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  TOE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RSSPOf-iSlBILrrif,  NOR  ANY  OBLIGATION  W&ATSOr.  «r;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  BAYS  FORMULATED,  FUSKSJHED,  OR  IN  ANY  WAV  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  ES  NOT  TO  BE  REGARDED  BY 
IMPLICATION  08  OTRERWSIE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RN8ST8  OR  PEkafisalCK  70  MANUFACTURE, 
USE  Of.  SELL  \NY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAV  BE  RELATED  THERETO. 


Ik  idT*\ 


i  IL.,  1  sdL-»  I 


JMk  ^  1L~ ’'ill  I 

&  ’S-w'we  -  - 


MU 
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T 
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vi--i 
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~  »  s'* 
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Jj5 

.«  -  -  ^c.  V.J**  !*.' 

rrlN^fefssr-^-vi  •.*. 


EQUIPMENT  D/ULi 


QHC-27  Oailr  Log 

EPS -3  or  UP)  6  DaJ 
GRC-27  Me  tor  Checks 
FPS-1  (GPX-20  •  Motor  Check 
Solatia  Humii  ty  and  Temp* 


^V> 


SfU 


^’SSrrV-  IrA"*  '5*f 

.  «  {.  -  *  ?  4.-*^  *■*•’  *  > 


'  Ji  ! 
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S5T  HO 


SITE  CRC-2?  HETHR  CHICKS  SET  MO 


APPENDIX  III 


bkkakdown  of  p'apts  as  a  cuss 

INTO  VARIOUS  SUBCLASStiS 


Codsd  for  Machine  Tabulation,  in  Section  lj.3) 


H  H  «: «  *  o  *  «  ,  O  *  X  ^  H  c  „  *  O  ,  H  o  0  * 


CODE 


z 


8  ( 3L0 rtER-MOTOR ) 

SPKEn 


500-1999 

500-1999 

500-1999 

500-1999 

500-1999 

3000-3999 

2000-3999 

2000-3999 

2000-3999 

2000-3999 

hOOO~S999 

ljOOO-5999 

I.QQrt_^nnn 

1 000-5999 
ijOOO -5999 
wC00*5yyy 
6000-8999 
6000-8999 
6000-8999 
6000-8J99 
9000  or  nor* 
9000  or  *oro 
9000  or  raorti 
9000  or  nor<: 
9000  or  more 

Uncleaaified 


XKSUUTIOM 

A 

B 

b 

Other 

Unknown 

A 

B 

H 

Other 

Unknown 

A 

B 

H 

other 

Unknown 

A 

B 

B 

Other  \ 
Unknown 
A 
B 
H 

Other 

Unknown 


BZ  (SINCHO) 


(2  la  to  be  added  on  to  basic  circuit  symbol  B) 


OObS 


DBSCRIPJ10N 


A 

3 

C 

D 

S 

z 


Control  Transformer 
Differential  Gwiorator 
Differential  Motor 
Generator 
Motor 

Urclfl'j-lfioa 
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-  C{ CAPACITOR) 
JAN  OK  MIL  TYPE 


MODIFICATION 


A 

8 

C 

D 

E 

t 

H 

I 

J 

K 

L 

M 

K 

0 

1> 

Q 

R 

S 

T 

D 

V 

W 

I 

Z 


OB 

Standard 

CB 

Variation  from  basic  chart 

CB 

Closest  to  it 

CC 

Standard 

CC 

Variation  from  basic  chart 

CC 

Closest  to  it 

CK 

Variation  from  basic  chart 

GK 

Closost  to  it 

CM 

Standard 

CM 

Variation  from  basic  chart 

CM 

Closest  to  it 

CN 

Standard 

Cm 

Variation  from, basic  cnart 

CM 

Closest  to  it 

C? 

r* ».  « 

o<ii  lueuu 

CR 

Variation  from  basic  chart 

CP 

Closest  to  it 

CV 

Standard 

CV 

Variation  from  basic  chart 

CV 

Closest  to  it 

Air 

Standard 

Air 

Variation  from  basic  chart 

Air 

Unclassified 

Closes’’  to  it 

CODE 

A 

B 

C 

D 

E 


u 

H 

1 

J 

K 

L 

Z 


CR  (CRYSTAL) 


TYPE  OF  MATERIAL  USE 


Germanium 

Detector 

Germanium 

p-N..p  Trans-1  stor 

Germanium 

Point  contact  transistor 

Germanium 

ft  tificr 

Selenium 

Detector 

Selenium 

p-N-p  Transistor 

Srlenium 

Point  contact  1  ansistor 

Selenium 

Rectifier 

Silicot. 

Detec  tor 

Silicon 

j, Transistor 

S'  Iji  on 

Point  contact  transistor 

■»)  )  j  enn 

Rnclasni  lied 

Iloci  l.ficr 

£  (HISCJSLLANEOUS) 


OODS 


DESCRIPTION 


A 

B 

C 

0 

£ 

F 

« 

* 

2 


Air  Compressor 
Adapter  <f 
Resistor  Assembly  i 
Capacitor  Asesnbly 
Teminrl 
Ineula'Eor  i 
Incandesces!  Lanp  -  AC 
Incandescent  Lamp  ••  DC 
Unclassified  > 


*  In  *he  case  of  £  beinpr  either  of  these,  use  the  coda  developed 
tn?  t#  wj  pl-cs  an  2  after  tha  S -in  U«  o-'ivuiw  o/wlioi. 


CODE 


I,  (INDICATOR) 


DESCRIPTION 


A 

B 

C 


Clow  Lajiip 
Incandescent  -  AC 
Iiicande  scent  -  DC 
Unclassified 
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J  AMii  P  (JACAS,  PLUGS) 

NUHflLR  of  active; 

COOK 

TYPE 

OOfi  TACTS 

A 

AN  or  KS 

1“3 

B 

AN  or  M2 

,  J*-? 

C 

.  -AN  or  MS 

0-12 

D 

AN  or  MS 

13-20 

£ 

AN  or  MS 

21  or  more 

F 

PNC 

1 

0 

BNC 

2 

K 

«ic 

3 

I 

«wc 

J, 

J 

BKc 

5  or  more 

K 

26  series  (Amphenol) 

1-0 

L 

26  "  " 

?-l6 

N 

26  "  " 

17-21. 

N 

26  " 

25-32 

0 

26  "  " 

33  or  more 

P 

Other  -  GF 

1-3 

Q 

Other  -  GP 

lx- 7 

H 

Other  -  GP 

8-12 

S 

Other  -  GP 

13-20 

T 

Other  -  GP 

21  or  more 

U 

Other  -  RF 

1 

V 

Other  -  RK 

2 

w 

Other  -  RF 

3 

X 

Other  -  R17 

b 

Y 

Oth^r  — 

5  or  more 

Z 

Unclassified 

\ 

\ 

K  (IttUY) 

cons 

RNLAY  CUSS 

ACTUATIONS 

A 

Oeneral  Purpose 

Less  than  1  every  10  hr. 

B 

General  furpose 

1  every  10  hr.  -  1  per  hr. 

C 

General  Purpose 

2-5  per  hour 

(0 

Oensral  Purpose 

6-50  per  hour 

E 

General  Purpose 

51  -  l»99  per  hour 

F 

Oenerol  Purpose 

500  per  hour  or  more 

a 

Power 

Leab  than  1  every  1C  hr. 

H 

Power 

1  every  10  hr.  -  1  per  hr. 

I 

Power 

2-5  per  hour 

J 

Power 

5  -  50  per  hour 

K 

Power 

51  -  L9 9  per  hour 

1. 

Power 

500  r=r  hour  or  ;„~i. 

Al 

Sensitive 

Less  than  1  every  10  nr. 

N 

Sensitive 

1  every  10  hr.  -  1  pel  hr. 

0 

Sensitive 

2-5  per  hour 

p 

Sensitive 

6-50  per  hour 

Q 

Sensitive 

51  -  L99  per  hour 

li 

Sensitive 

500  per  hour  or  more 

S 

Thermal 

Leas  than  1  every  10  hr. 

T 

Thermal 

1  every  10  hr.  -  1  per  hr. 

U 

Thermal 

2-5  per  hour 

V 

Thermal 

6-50  per  hour 

w 

Thermal 

51  -  L99  per  hour 

X 

Thermal 

5 CO  per  hour  or  more 

z 

Unclassified 

L  (COIL) 

CODE 

TTPF.  OP  COIL 

INSULATION 

A 

Air  Core 

A 

B 

Air-  Coro 

B 

C 

Aj /  Core 

.  i; 

\) 

Air  Core 

Other 

K 

Air  Coro 

UnJmovn 

F 

Air  Core 

Not  important 

0 

Iran  Vo'm 

a 

II 

iron  Coixi 

B 

I 

Iron  Corf- 

11 

J 

J  r<  ii  Coi'f 

Hit 

M 

irT.i,  \.c,rt. 

Ujih/:  o*y« 

5? 


L  (GO IL)  CONT. 

"'V 

CODE 

TYPt,  Of  COXi 

IN3UUTI0N 

P 

H.K.  Coil,  Transformer 

A 

Q 

H.F.  Coil,  Transformer 

B 

ft 

K.P.  Coil,  Transformer 

H 

S 

R.F.  Coil,  Transformer 

Other 

T 

ft.r.  Coil,  Transformer 

Unknown 

U 

H.K.  Coil,  Transformer 

Not  important 

z 

Unclassified 

ft  (  RESISTOR ) 

CODE 

JAN  OR  MIL,  TYPE 

MODIFICATION 

B 

RA 

Variation  from 

basic 

chart 

C 

RA 

Closest  to  it 

n 

RB 

Standard 

E 

RB 

Variation  from 

basic 

chart 

F 

RB 

Closest  to  it 

C 

RC 

Stcndard 

H 

KC 

Variation  from 

basic 

chart 

1 

RC 

Closest  to  it 

J 

Jtti 

Standard 

K 

KN 

Variation  fror 

bade 

chart 

L 

RN 

Cloao3t  to  it 

N 

iiP 

Variation  from 

basic 

chart 

0 

RP 

Closest  to  it 

Q 

RV 

Variation  from 

basic 

cheat 

R 

RV 

Closest  to  it 

3 

:’4 

Standard 

T 

fir/ 

Variation  irom 

basic 

chart 

U 

if.  f 

Closest  to  it 

■! 

KlT 

Variation  fre.n 

basic 

chart 

X 

uu 

Closest  to  it 

l 

Unci  ami  find 

58 


CODE 


S  (S.V1TCH) 
SWITCH  TIPS 


A 

B 

C 

D 

£ 

F 

0 

U 

1 

J 

K 

L 

H 

N 

0 

P 

Q 

R 

3 

T 

Z 


Rotary- 

Rotary 

Rotary 

Rotary 

Sensitive,  Large 
Sensitive,  Large 
Sensitive,  Large 
Sensitive,  Large 
Sensitive;  Small 
Sensitive,  Small 
Sensitive,  Small 
Senuitive,  Small 
Toggle 
Toggle 
Toggle 
Toggle 

Thermos tatic 
Thermostatic 
Thermos tatic 
Thermostatic 
Unclassified 


T  (TRANSTOStSR) 


CODS 

TYPE 

A 

Filament,  Audio, 

Video 

B 

Filsnent,  Audio, 

Video 

C 

Filament,  Audio, 

Video 

0 

Filwnent,  Audio, 

Video 

E 

Filament,  Audio, 

Video 

P 

Power 

0 

Power 

H 

Power 

I 

Pow-ir 

J 

Pom : 

K 

Pul  -c 

L 

PiO  no  _ 

1 1 

P'H 

*: 

>  nine 

0 

h  ul 

ACTUATIONS 

Less  than  1  per  10  hr. 

1  per  10  hr.  -  1  p«r  hr. 
2-15  per  hour 
16  par  ho’ir  or  more 
Leo*  than  1  per  10  hr. 

1  per  10  hr.  -  1  per  hr. 

2  -  15  per  hour 

16  per  hour  or  more 
Less  than  1  per  10  hr. 

1  per  11  hr.  -  1  per  hr. 

2  —  )5  n*i*  hnn. 

1 6  per  or  sore 
Less  than  1  per  10  hr. 

1  per  10  hr.  -  1  per  hr.. 
2-15  per  hour 
16  per  hour  or  more 
Less  than  1  per  10  hr. 

1  per  10  hr.  -  1  per  hr. 
2-15  per  hour 
16  per  hour  or  more 


INSULATION 

A 

8 

K 

Other 

Unknown 

A 

£> 

H 

OU.  .  r 
Unknown 
A 
8 
11 

Pthnr 

Unknown 


ft,  CT  c*i  11  f->  3  N 


5  9 


CODE 


T  (TRANSFORMER)  OONT. 
TiVS 

■/' 

K.F.  Coil,  Transformer 
R.F.  Coil,  Transformer 
R.F.  Coil,  Transformer 
R.F,  Coil,  Transformer 
R.F,  Coil,  Transformer 
R.F.  Coil,  Transformer 
Unclassified 


INSULATION 

A 

B 

H 

Other 
Unknown 
Not  important 


V  (7UBEJ 

MINIATURE 

AA  Diode 

AB  Dual  Diode 

AC  Trlodo 

AD  Dual  Triotis 

AE  Fentoda-Tetrode 

AF  Pentarrld 

A 0  Thyratron 

AJ  Voliare  Uepulator 


OCTAL 

BA 

Diode 

B3 

Dual  Diode 

BC 

Triode 

HU 

Dual  Triods 

BE 

1  ’en  tod  e-Tf;  '.rode 

OF 

f'entnrrJd 

'€ 

Thyro  tron 

OJ 

Volt.i"'’  I'ufuliibor 

fu Incur 


-60 


V  (TUBE)  CXSNX. 


CA 

CB 

CC 

CD 

CE 

cr 

00 

C-J 


SUBKIKIATURE 

Diode 

Dual  Diode 

1'riode 

PsaJ  Mode 

Pentode-nfetrode 

Pentagrid 

Thyratron 

Voltege  Regulator 


PA 

IlH 

DC 

DD 

DE 

DF 

DO 

DH 

DI 

DJ 

DK 

DL 

Of 

DK 

DO 

Iff 


SPECIAL 


Diode 

Dual  Diode 

Triode 

Duel  Triode 

Pentode -Tetrode 

Pentagrid 

Thyrstron 

TVretron,  -hydrogen 
Dual  Pentode 
Voltage  Regulator  . 
Neon 

Dlods-Oas 


Cathoda  Ray  -Rleetrootatl e 
Cathode  Ray-Electromagnetic 
Phototube -Oas 


HA 

KB 

SC 

El 

EE 

r>’ 

EO 

EG 


WAVEOUIDE  TUBE 

Klystron,  receiving 
Elyetr''n,  rover 

»T» 

TR 

ProTR 

Mfunivtron  -  1  Band 
Hague tro  i  -  o  Band 
Magnetron  -  X  Bp.nd 


•VwiAI 


W  (CABLE) 


A  F.  Cable 

£  0  r- '•  •  t  \ry  Cable 

Z  Unclassified 


X  (TUBS  SOCKET) 

X  as  a  symbol  In  present  day  usage  stands  for  holder  or 
socket.  It  r.uat  always  be  '''mbined  with  anotner  symbol  to 
oignixy  What  it  holds,  e.y.  XV  -  tube  socket.  Therefor^,  as 
a  general  rule  ye  will  make  the  thing  it  holds  the  guidepcibt 
anci  classify  it  accoraingly,  e.p. 

X  -  Tube  socket  would  be  changed  to 
XV  -  Tube  socket  and  since  it  holds  a 
12A17  in  pltce,  it  would  be  coded  Al>, 
the  code  number  associated  with  the  tube. 


Y  (CKTSTAL) 


CODE 


TO?E 


A 

3 

r 

v 

Z 


CH-18/U 
Cl!-2  3/'J 
CR-32/U 
Unclassified 


62 


j 

8 

i 

tf 

4 

/ 

f 

1 

r 

I 


CODE 

A 

B 

C 

D 

E 

y 

o 

M 

I 

K 

r, 

M 

N 

0 

P 

Q 

z 


(SPECIAL  CIRCUITS  AND  H«N, 


Standard  iHilcy 
ttarcury  U->1  ay  Line 
Pulee  Trmi  ifomov  ti  J  i  “inf  .Jn« 
Llfhthoua*  A4r  1 1 er  •  1  ■  r 

Power  Amplifier  fui>e  *vlt/ 

Pulee  Forming  Nt  '.4V 
ILleot-ice'i  Koig#  impure  tor 

? i  *  wtrr  tiff  l,TOf  k 
IKffir^r  I-o*d 

At 


Lo-power  Amplifier  lube  C-avitor 
Suppressor,  Pcutteitlc 

Coii,  R.F.  pleto  circuit  fur  n.f.  ebs ,m 

Cectlletor  Subaseemblj 

Duplexer  Network 

IHrecttonsl  Coupler 

Proselector  Aesomhlv 

Unclassified 


